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Background of the Invention 

[0001] T he term sonic, for purposes of this invention, is defined as a wave-like 

oscillations of matter induced by either a stress impulse or cyclic stress. The term wave 
and impulse are interchangeable within the context of the illustration and description of 
this invention. The term impulse is intended to convey the meaning of a transient sonic 
event; multiple impulses means repeated transient sonic events. Wave modes 
described in this invention are the following: 

Compression or longitudinal, wherein oscillations are along the direction of travel or 
propagation, and shear or transverse, wherein oscillations are at a right angle to the 
direction of travel or propagation. 

[0002] M ode conversion is the transformation of compression oscillations in one sonic 
A 

wave propagating medium, impinging at an angle at the interface with a second sonic 
wave propagating medium, wherein shear oscillations are exhibited in the second 
medium. In general, the shear mode of propagation is supported by solid materials 
exhibiting linear elastic shear behavior. In particular, high rates of shear, induced by 
impulse transients, result in nonlinear dynamic shear behavior of materials 
characterized as non-Newtonian viscoelastic. For sake of convenience in this 
document, the term viscoelastic implies non-Newtonian behavior. The shear mode of 
propagation terminates in the viscoelastic medium, expending its energy in material 
change-of-state from linear elastic to viscoelastic. 

r0p031W hen a compression mode impulse is superposed on a volume of viscoelastic 
A 

material, rapid displacement of material takes place in response to transient 
compressive stress. This invention applies sonic leqfcxontigurations to attain 
high-power-density; i.e., high-rate of energy transfer within a confined volume of 
material, by superposing compression and shear impulses. 
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[0004] W avegiude, impulse transit delay lihejand sonic impedance transforrrjpte»— 
^a^eristi^jire^inhe rent features of the apparatus disclosed herein. *hese^-__ 
i e ^ha^ra«S£r^ aSq^asic underlying principles of sonic wave behavior and are not 
o l aborot o d SM the description and claims exhibited in the disclosure of this invention. 
[00051 I n the disclosure of invention, fusion is cohesive joining of contiguous 
materials^ gelding is the process of fusion by dispersion of cohesive inhibiting 
substances^ Adhesion is the bonding of contiguous dissimilar materials by molecular 
attractionjjMlterials forming is a process of deformation and substructure modification. 


— n — 
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[0006] This invention relates generally to the field of solid state welding and materials 
A 

forming, and more specifically to an apparatus and method of sonic welding, materials 
forming, and materials substructure modification. The impulse nature of this invention 
is analogous to explosion welding, wherein materials are joined by driving one element 
of a subassembly into another with controlled detonation of a shaped charge. The 
collision of objects has a mechanical impulse character which disrupts inherent metal 
surface oxides, exposing the base metal to cohesively fuse along contiguous surfaces. 
Another similar prior technology is percussion welding in which workpiece elements are 
joined by heating with an electrical arc between them, followed by repeated 
compression impulses to induce fusion. Ultrasonic welding is an additional technology 
with features similar to high frequency oscillations in which contiguous surfaces exhibit 
a thermal behavior arising from mechanical friction at interfaces. 


Materials forming features of this invention are similar to a vibrational energy assist to 
static and quasistatic forming process that reduces the static load required for 
deformation. It is also similar to electromagnetic pulse induction forming of materials in 
which induced current creates reactive forces that bear on the workpiece, driving it to 
conform to a planned shape. 

[0007] M etals substructure modification aspects of this invention are processes which 
are similar to conventional thermoelastic and thermoplastic processes; this invention 
replaces heat with sonically induced viscoelastic behavior. 





Brief Summary of the Invention 

[0008] " fee piiiii^ pb^ecTof this invention is to significantly increase both tensile and 
A 1 

shear properties of joints formed with impulse driven fasteners by introducing an 


adjunct fusion ring around the fastener. Another object of the invention is to devise a 
materials joining process which requires very short time intervals, thus a void i ngL^ h 
through-put rates. Another object of the invention is to integrate the apparatus with 
existing commercial tools, thus minimizing capital investment. A further object of the 
invention is minimal unit cost addition to achieve high-value added properties for 
fastener installations. Yet another object of this invention is the ability to conduct 
reliable fastening and welding processes with low operator skill requirements. 
[0009] Yet another object of the invention is to provide a wide range of applicability for 
m^erials joining with similar and dissimilar metals, and non-metallics. Another object of 
this invention is absence of thermal hazards and high intensity light flashes common to 
conventiona^welding processes. Another object of the invention is to- avert residual ^ 


stress and heat affected zones accompanying conventional thermal welding processes. 

[0010] A further object of the invention is low tooling costs for materials forming by 
A 

negating the need for high bearing loads. Yet another object of the invention is 


elimination of filler metal for materials joining. 

[0011 ] Other objects and advantages of the present invention will become apparent 
—TV- 

from the following descriptions, taken in connection with the accompanying drawings 
wherein, by way of illustration and example, embodiments of the present invention are 
disclosed. 


[00j| 2] In accordance with a preferred embodiment of the invention, there is disclosed 

an apparatus and method for sonic welding of materials comprising: 

superposition of a sonic shear wave impulse and a sonic compression wave impulse 

converging simultaneously within a workpiece. Said sonic shear wave impulse 

transforms materials from a solid state to a viscoelastic state. A sonic compression 

wave impulse, as introduced by said sonic lens, impinges on said materials 

transformed tp a viscoelastic state to induce material displacement. 

[001 3] Said sonic lens, or lenses may be positioned in single or multiple configurations 


adapted to varying requirements. Said apparatus functions with a range of energy 
sources, including but not limited to: single or multiple explosive charges, single or 
multiple mechanical impacts, single or multiple pneumatic impulses, and single or 
multiple electrodynamically driven impulses. 

[0014] Said sonic shear wave energy is derived and partitioned from said sonic 
compression wave impulse through a refraction angle, cgdependent with inherent sonic 


distribution j^and configurot i on& ^provide for coincident transit times of said sonic 
compression wave impulse and said sonic shear wave impulse into said workpiece. 
Said sonic lens composition and shape are covariable. Said energy source, or sources, 
may be modulated to optimize sonic power spectral densities in said workpiece. 
Materials in said apparatus are selected for inherent sonic velocity and impedance 
attributes to attain required impulse transmission, reflection, refraction, and mode 
conversion. Sonic waveguides may be applied for impedance matching among said 
energy sources, said sonic lens, and said workpiece. 
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[00151 I n accordance with a preferred embodiment of the invention, there is disclosed 
an apparatus and method for sonic deformation, bonding and substructure modification 
of materials comprising: superposition of a sonic shear wave and a sonic compression 
wave impulse impinging simultaneously within a workpiece. Said sonic shear wave 
impulse is introduced into said workpiece through a sonic lens, or lenses, which 
introduce a high-power-density within the body of, or at interfaces among, contiguous 
elements of said workpiece. Said sonic shear wave impulse transforms materials from a 
solid state to a viscoelastic state. Said sonic shear wave impulse is induced by a sonic 
lens which creates a high-shear-power-density within the body of said workpiece. Said 
sonic compression wave impulse applies positive stress on said materials transformed 
to said viscoelastic state. Said sonic compression wave impulse is induced by said 
sonic lens which creates a high-compression-power density within the body of said 
workpiece. Said sonic lens is positioned in one or multiple configurations adapted to 
application requirements. Said apparatus functions with a range of energy sources, 



including but not limited to : single or multiple explosive charges, single or multiple 
mechanical impacts, single or multiple pneumatic impulses, and single or multiple 
electrodynamically driven impulses. Said sonic shear wave energy is derived and 
partitioned from said sonic compression wave impulse, directed by refraction angles 
codependent with inherent sonic wave velocities of said sonic lens and said 
workpiece. Said sonic lens spatial distributions and configurations provide for 


superposition of said sonic compression wave impulse and said sonic shear wave 
impulse through adjustment of impulse transit time for each said sonic impulse origin. 
Said sonic lens composition and shape are covariable. Said energy sources may be 
modulated to generate a desired range of power-spectral-densities. Materials in said 
apparatus are selected for inherent sonic velocity^and lirjipedance^ttributes to attain 
required impulse transmission, reflection, refraction, sand mode conversion properties. 
Sonic waveguides may be applied for impedance matching among said energy 
sources, said sonic lens, and said workpiece. 



Brief Description of Drawings 

[0016] The drawings constitute a part of this specification and include exemplary 
A 

embodiments to the invention, which may be embodied in various forms. It is to be 
understood that in some instances various aspects of the invention may be shown 
exaggerated or enlarged to facilitate an understanding of the invention. 
Figure 1 is a cross sectional view of the invention according to the first embodiment. 
Components in this example are cylindrical sections about a centerline axis.>v 


Jhe referenced numeral 21 identifies a ring shaped zone of fusion between two 

elements of the workpiece, identified as numeral 22 and numeral 24. The referenced 

numeral 29 identifies a sonic lens contacting the incident element of the workpiece 

identified as numeral 22. The referenced numeral 23 identifies a sonic lens contiguous 

to the opposing surface of the workpiece. The referenced numeral 25 identifies a 

cartridge containing an explosive charge. Expanding gases from ignition of the 

explosive charge, confined by the hollow cylinder numeral 26, drive the piston impactor 

numeral 27 to: firstly drive the pin numeral 28, and then simultaneously impact the 

sonic lens numeral 29 and incident surface of the workpiece. 

r0017] An impact generated sonic compression impulse is induced in both the 

workpiece and the sonic lens 29. The sonic compression impulse, incident on 

the faceted peripheral extremes of sonic lens 29, is refracted into the workpiece as a 

shear impulse. The compression impulse transmitted through the workpiece is reflected 

back by the sonic lens 23. This reflected compression impulse is geometrically 

partitioned into normal incidence and angled incidence on the plane ofcontact with the ! 

w/Jfr/vv. Je^s oL? is y 
workpiece. The angled incidence is such that the compression impulse-pduee^^. 







iscoelastic behavior and material displacement in the workpiece, especially around 
the pin where the two elements of the workpiece, numerals 22 and 24 are pin 
restrained. The resultant workpiece fusion zone coincides with the spatial distribution of 
superposed shear an compression impulses. Fusion is effected in multilayer 
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workpieces, in addition to the above described two layer case. Figure 2 is an expanded 
view of sonic lenses 29 and 30 and workpiece 22 and 24. It illustrates the sonic 

» 

compression and shear mode profiles. The pin is excluded in this depiction for sake 
of clarity. Downward pointing arrows, illustrated within the body of the piston impactor 
■27, represent the incident compression impulse. The illustration view on the right half of 
figure 2 exhibits two shear mode profiles, both identified by the letter S, as refracted 
from compression impulses propagating within the bounds of sonic lenses 29 and 30 
into the workpiece. The illustration view on the left half of figure 2 shows three reflected 
compression mode profiles, all identified by the letter C, as propagating within the 
bounds of lens 23. These compression mode profiles have been geometrically 
partitioned into both normal and angled incidence on the workpiece by angled facets on 
the lower extremes of sonic lens 23. The high-power-density arising from superposition 
of shear and compression mode impulses induces viscoelastic behavior and material 
displacement inn the workpiece. Zones of fusion arise when superimposed shear and 
compression impulses displace metal oxide surfaces. Parent metal cohesion takes 
place in a volume of material depicted by the cross-hatched boundaries identified by 

fhef Defer; fj-/^ <P jb.r*bJBqp 
* Pa** gg? 


numeral 21. All components of the apparatus and depictions of shear mode and 

compression mode profiles as described above are shapes of revolution about a 

centerline axis. For sake of clarity in figure 2, shear mode profiles are shown on the 

right half of the illustration and compression mode profiles are shown on the left half of 
the illustration. 

[0018] Figure 3 depicts views of the second embodiment of this invention, intended to 

A 

form and cohesively fuse materials, activate adhesive agents among workpiece;, 


elements, and modify intrinsic materials substructure. Figure 3-I is a detailed cross 
sectional view of a rod shaped sonic lens acting as a forming element numeral 35, 
along with a matching die numeral 32; which represents the second embodiment of this 
invention. The view in figure 3-1 depicts a downward quasistatic load with dashed 
arrows identified with the letter Q, and an impact on the forming element by downward 
pointing arrows, along with the internal composition of the sonic lens attributes of the 
forming element. The lens consists of two different materials, identified by numerals 33 
and 34, which act to geometrically partition the impact generated compression impulse 
into both normal incidence and angled incidence along interfaces common to the 
workpiece. 

[0019] F igure 3-II illustrates, with arrows, two compression impulse directions within 
tine lens. The numeral 36 shows the direction of a compression impulse aimed into the 
workpiece at normal incidences. The lens compression impulse numeral 37 is refracted 
at the internal bi-material lens interface, and thence directed at the lens-to-workpiece 
interface at an angle that induces refracted shear mode propagation within the 
workpiece. The high-power-density superposition of shear and compression impulses 
induces viscoelastic materials behavior. Material displacement is driven by both the 


impulse. The workpiece yields to a relatively low stress in zones where shear and 
compression modes are superimposed. 
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external quasistatic downward load by 




[0020J T he view in figure 30-111 depicts the next forming with the direction of one 
compression impulse numeral 39 directed from bi-material lens refraction. Normal 
incidence of this sonic compression impulse on the workpiece transmits into the 


e~TTof 


workpiece as compression impulse. Sonic compression impulse numeral 38 is directed 
at angled incidence on the workpiece to induce a refracted sonic shear impulse within 
the workpiece superposition of shear and compression impulses is in a zone 
different from that in figure 3-11. The workpiece undergoes deflection with continued 
quasistatic downward load within a second superimposed shear and compression 
impulses. This two-staged process allows for a more controlled and complex shaping 
capability than one using conventional forming processes. Description of this 
embodiment uses only two forming stages for the sake of clarity. 
Multiple stages are desirable for more complex forms. / 


The view shown in figure 4 depicts a varient of the scheme in figure 1 , 
wherein the impactor 40 induces compression wave resonance in a conical 

A 

tapered sonic waveguide 42. The waveguide also functions as sonic impedance 

A 

transformer. The composition and shape of the waveguide is such that impact 

A 

generated compression wave energy is partitioned into both internal reflection 
A — 

and transmission at the workpiece interface 43. The internally reflected wave 

A 

energy generates a standing wave resonance or ringing within the waveguide, 
^ ■ 

represe nted by the standing wave dynamic stress amplitude depiction 47. 

Notably, the stress amplitude at the workpiece interface 43 is greater than the 

- - - ; . 

^stress amplitude at the impactor interface 41. This amplitude difference is 

attributed to the waveguide taper. The taper serves as a sonic impedance 

A 

transformer; the lower impedance at the impactor interface 41 and the higher 

impedanc e at t he workpiec e interface 43. , e : ^_ 


jr Asm figurel, the sonic lens 45 partitions a significant fraction of sonic energy^ 
j j into the shear mode within the body of the workpiece 43. Spatial and temporal 

coincidence of shear and compression impulses within the workpiece, as 
A described within the claims of this disclosure, induces fusion or bondi ng 46 at 

A the workpiece faying surface. Resonance of the waveguide in this description „ 
A provides for adequate time of compression wave RC activity or dwell time to 

ft permit coincidence with the shear wave impulse S1 and S2. Other variants of 

j sonic resonators, impedance transformers, waveguides and configurations can, 

be applied to provide for coincidence of shear and compression wave energy for 
« _ — — 

a range] fusion, bonding, deformation or materials transformation. 


a rang&i 
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[00211 The apparatus and processes described in figures 1 through $pan be applied to 
modify material substructure, promote cohesion, and activate agents for 
adhesion among workpiece elements, including metallics and nonmetallics. 
[0022] The sonic lenses depicted in figures 1,2, afisl^are specific examples of 
numerous possible configurations designed to induce shear mode pulses, coincident 
with compression mode impulses, in single or multi-element workpieces. Shear modes 
are derived from angular incidence of a compression impulses on the interface 
between: two contiguous dissimilar materials, the sonic lens, workpiece with 
each material exhibiting different inherent velocity of sonic wave propagation. 
Additionally, the sonic lenses are aesignea to impart phase and amplitude coherence 

A 

of the shear and compression modes within within the zone, or zones of wave mode-^ 


superposition by selectively establishing impulse transit times from 
source-to -workpiece, through length of wavepath and inherent shear and compression 
wave velocities of materials. 


Detailed Description of the Preferred Embodiments 

[0023] Detailed descriptions of the preferred embodiments are provided herein. It is to 
be understood however, that the present invention may be embodied in various forms. 
Therefore, specific details disclosed herein are not to be interpreted as limiting, but 
rather as a basis for claims and as a representative basis for teaching one skilled in 
the art to employ the present invention in virtually any appropriately detailed system, 
structure or manner. 

[0024] The ^invention in its first embodiment relates to solid state welding. 

state welding is a group of welding processes which produce coalescence at 
temperatures essentially below the melting point of the base materials being joined, 
without the addition of brazing or filler materials. The oldest of these processes, forge 
welding, belongs to this group. Other processes include cold welding, diffusion 
bonding, explosion welding, friction welding, hot pressure welding, and ultrasonic 
welding. The exhibited apparatus and processing methodology differs from prior art in 
that: . , 



[0025j-& ^geti^mpulse sourceate^oe selected from a number of forms such as 
explosive charges or cartridges, mechanical impactors, single or multiple impact 
pneumatic sources, and electromagnetically impelled impactors. A sonic lens (or 
lenses) transforms compression wave impulses by refraction, accompanied by mode 
conversion and energy partition, into directed shear impulses. Said refraction is 
attained by selection of sonic lens material with sonic wave velocity having defined 
ratio to the sonic wave velocity in the workpiece. The shape and composition of said 
sonic lens are therefore, covariable. 
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[0026] S aid sonic lens directs and superposes compression impulses to coincide with 
thi^ shear impulses, to impinge on selected zones in the workpiece. This phenomenon 
is a spatial and temporal event where shear and compression impulses are 
simultaneous in time and space, characterized as phase and amplitude coherence. The 
sonic impulse transit time from the source to the selected zones in the workpiece is 
adjusted with lens shape and composition, and wave guides or delay lines a 


appropriate. Sonic filtersj^nd impedance matching elements may be inserted along 
sonic wave paths to optimize power-spectral-densities and energy transfer. Sonic 
lenses may be positioned in arrays to attain desired sonic energy transfer 
configurations. 

[0027] Specifically, the first embodiment of this invention improves on prior welding 
technology by: 

A. Superposing shear :and compression impulses of sujficient energy density and rate, 
in watts/square millimeter, to simultaneously drivejtfTa workpiece from solid to 
viscoelastic state, and to dynamically forge contiguous elements within the workpiece 
by displacing cohesive inhibiting substances. 

B. Combining plastic state forging compression in metals, including dissimilar 
metals, to produce fusion, and fusing nonmetallic materials by activation of elements or 
agents at interfaces, or within the body of the workpiece, or dispersion of adhesive 
inhibiting substances by exposure of superposed shear and compression impulses. 


[0028] P rimary advantages affords by this invention, in contrast to prior art are: 

C. Economy in energy consumption by concentrating energy at fusion interfaces; 

D. Greater control in directing energy to fusion sites by sonic lens placement; 

Bogo 1 1 of 2yy ~ 

E. Flexibility in processing a wide range of workpiece shapes, mass and composition 
with options available in sonic lens designs and arrays; 

F. Absence of deleterious metallic welding process residual effects, such as heat 



affected zones, alloy segregation, and residual stress; 

G. Inherent ability to make ultrasonic nondestructive inspection an integral part of the 
process by monitoring ultrasonic spectral elements of the incident, transmitted and 
reflected impulses; 

H. Safety factors accompanying the primary advantages are avoidance of thermal and 
optical flash hazards accompanying most conventional welding processes; and 

I. Expenditure of consumables such as filler material is negated. 

[0029] The invention in its second embodiment relates to forging, cold forming, and 

thermomechanical processing of metals. The oldest of these processes is 

blacksmithing, where metals are heated to induce plastic behavior and driven with 

repeated mechanical impulses to shape and form workpieces. The exhibited technique 

differs from the above prior art in that sonic shear impulse energy replaces thermal 

energy and sonic compression impulse energy replaces forging energy. 

[0030] T he present invention relates to metals thermomechanical processing by 
. A/ 

imparting sonic shear impulses to replace heat and imparting sonic compression 
impulses to replace conventional mechanical deformation. On a substructure scale, the 
sonic shear and sonic compression impulses drive dislocations in a highly controlled 


^.manner to transform material properties. Primary advantages realized by the subject 
invention over prior art are: 

J. More efficient use of energy through focusing and directing sonic shear and sonic 


Pas* Zofl- 
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compression impulses to desired zones in the workpiece; 

K. Intrinsic energy interaction with materials, in contrast with indirect methods (e.g., 

heating materials from an external source) used in conventional hot forging and 

forming. 

L. Safety and nondestructive inspection factors in this second embodiment are similar 

to those realized in the first embodiment; 

, [0031] A variant of the second embodiment of this invention is application of coincident 
71 

or superposed shear and compression mode impulses to non-metallic materials to: 
M. Effect cohesion among contiguous elements or laminae; and 
N. Activate adhesive agents within or on surfaces of contiguous elements or laminae. 
[0032^W hile the invention has been described in connection with a preferred 
embodiment, it is not intended to limit the scope of the invention to the particular form 
set forth, but on the contrary, it is intended to cover such alternatives, modifications, 
and equivalents as may be included within the spirit and scope of the invention as 
defined by the appended claims. 


1 
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[D033fr-W hal is da t m eddsr^ 

Ail apparatus and method for sonic welding and materials forming comprising: / 
1 . Adonic lens which receives an energetic compression wave impulse whereby; 

(a) saidvsonic lens directs and transmits said energetic compression wave f 
impulse at\ defined angle of incidence on a workpiece; 

(b) said incident compression impulse refracts and mode converts intpfa 
high-power-densKy sonic shear wave impulse into the workpiece; 

(c) said workpiece material in the path of said sonic shear w/ve impulse 
is transformed from a solioao viscoelastic state; 

(d) further, said sonic lens also partitions, directs, and/ransmits said energetic 
compression wave impulse at a\ormal or rigtft angle of incidence on said 

workpiece; \ /V/ 

(e) direction of said incident compression impulse is transmitted into said 
workpiece as a high-power-density s^jA^ompression wave impulse which 
superposes in time and space \^itm§ja1d^or^ shear wave, 
compression wave impulse coTwfictent in time and space within a workpiece; 

(f) said sonic shear wave ^npilts^ transforms materials from a solid state to a 
viscoelastic state. 

(g) said sonic compress ior/wave impulse superposes a^ransient positive stress on 
said materials transformed to said viscoelastic state; 

(h) said sonic compression wave impulse, induced by said sonic lens, induces 
a high-energy-density compression transient impulse, superposeclon said 
viscoelastic material state in said workpiece; 

(i) said sopfc lens is positioned in one or multiple configurations adapteXl to 
application requirements; 

(j) said apparatus functions with a range of energy sources, including but not N 
limited to: single or multiple explosive charges, single or multiple mechanical 


Jmpacts, single or multiple pneumatic impulses, and single or multiple 
eWtrodynamically driven impulses; 

(k) said sonic shear wave energy is derived and partitioned from said sjanic 

je-iroTTT^' 

compressio\wave impulse, directed by a refraction angle codepXndent with 
inherent sonicWave velocities of said sonic lens and said wo/Kpiece; 
(I) said sonic lensVomposition, size, shape and array configurations in multiple 
lens applications, provide for spatial and temporal ^superposition of said sonic 
compression wave impulse and said sonjG^eaWave impulse; 
(m) said sonic lens composition and smpe are / covariable; 
(n) said energy sources may b\/n^ulateaj 


V V 


i afford desired range of power 


spectral densities; and 

(o) sonic waveguides ma/be^plieaqor impedance matching and energy 


transfer among said energy^pioes^ sa^d sonic lenses, and said workpiece. 
2. A process for an apparatus/and methodV sonic welding comprising the steps 

of: 

(a) Creating a high enercjy sonic compression imVilse impinging on a sonic lens. 
Inducing a sonic sh^ar wave impulse through sonic wrave mode conversion by 
said sonic^lens' 

(b) Focusing/and directing said sonic shear wave impulse to attain high-power- 
density a/selected zones in said workpiece by said sonic lenl 
Superposing said high-power-density shear wave impulse on sand workpiece selected 
element interfaces to transform materials from solid state to viscoelastic 
state; 


(c) w/elding at contiguous element interfaces in said workpiece which have been 
transformed from said solid to said viscoelastic state, through 


superposition of said shear wave impulse and said sonic compressic 
wave impulse, in any\pmbination thereof, to displace adhesion a/ra cohesion inhibiting 
substances; and 

(d) Further, said process an^kapparatus may be applied to/activate cohesion and 
adhesion enhancing substances\wi tnin or affb<ed to, said workpiece to weld, 
fuse, or bond elements among selected intenaces Within said workpiece. 

3. An apparatus and method for sonj^sVoripOT of materials comprising: 

(a) Superposition of a sonic shyaan&£yfe^pui9e and sonic compression wave 
impulse superposing in time anXsp§/Ce within a workpiece; 

(b) Said sonic shear wave impuls^ transforms materia^ from a solid to a 
viscoelastic state; 

(c) Said sonic shear wave/Impulse is induced by a sonic lens\which creates a 
high-power-density wMihin the body of a workpiece; 

(d) Said sonic compression wave impulse applies a transient positive^ stress on 
said materials transformed to said viscoelastic state; 
(c) Said so/ic compression wave impulse is directed by said sonic lens whjch 
creates^ high-power density compression transient within the body of said 
worj^piece; 

Said sonic lens is positioned in one or multiple configurations adapted to application 


^quirements; 

(e) Said apparatus functions with a range of energy sources, including but not, 
limited 19 single or multiple explosive charges, single or multiple mechanic 

^f* aq/l9 o f 2; 


impacts, single or multiple pneumatic impulses, and single or multip^ 
electrodynamicaHy driven impulses; 

(f) Said sonic shearwave impulse is derived and partitioned fp6m said sonic 
compression wave impulse through refraction angles codependent with inherent 
sonic wave velocities of said sonic lens and said workpiece; 

(g) Said sonic lens spatial distributions ana configurations provide for 
superposition of said sonic cor^F^s^n\^Ajf!^pu\se and said sonic shear 
wave impulse through adjustment ofWDulse/transit time for each said sonic 
impulse originating from said ejrtefay soV'ces; 

(h) Said sonic lens compqsTttm^nd sKapeNare covariable; 

(i) Said energy sources mafcpe modulated to afford a desired range of power 
spectral densities; and 

(j) Sonic waveguides may p4 applied for impedance patching among said 
energy sources , said sgfnic lens, and said workpiece. 
4. Said sonic lens apparatus of claim 1 provides for a methyl of materials 
substructure modification whereby; 

(a) Said superposition of sonic compression wave impulse on material 
transformed from solid state to a viscoelastic state by said sonic shear wave 
impulse', displaces viscoelastic materials within the body of said workpie* 
(bVsaid materials displaced within the body of said workpiece selectively deform 


inVesponse to an imposed quasistatic load; 

(c) sa^l workpiece substructure is modified by said quasistatic load, and the 
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spatial and temporal imposition of said sonic shear wave and sonic 
compression wave impulses; and 

(d) said substructure modification includes, but is not limited to, metallic^rain 
boundary ordering, residual stress relief, phase transformation, and/annealing. 

5. Said sonic lens apparatus of clajm 1 provides for a methpa of materials joining 
whereby; \ / \y 

(a) Said superposition of sonic compression w$ve ^impulse on material 
transfoi med from said solid state to p visoe^a§flc state by said sonic shear wave 
impulse, activates adhesive fusiorr&f sontiauobs dissimilar materials at 
interfaces between contiguotfi^^ace / e y lements o^said workpiece; 

(b) said superposition of sonicjerampression wave impuls\on material 
transformed from said solickstate to a viscoelastic state by said sonic shear 
wave impulse, activatearadhesive fusion of contiguous dissimilar 
materials at intertables between contiguous surface elements of saio\workpiece; 
and 

(c) said'superposition of sonic compression wave impulse on material 
transformed from said solid state to a viscoelastic state by said sonic shear wave" 


impulse, activates cohesive fusion of contiguous similar materials at 


interfaces within the body or on the surface elements of said workpiece. 


AU f&sv/*U C/a/zJr 



r00331 What is claimed is: ^ 

1. An apparatus for sonic welding and materials forming comprising: 

"71 ■ 

(a) a mechanical impulse source, sonically coupled to single or multiple sonic 


waveguide(s), delay line(s), resonator(s), impedance transformers), and lens(es) 


r 


which superpose high-power-density sonic compression wave and shear wave 


17| 

impulses within the body of a workpiece; 


(b) said mechanical impulse source generates high-power, single or multiple 


"^sonic compression wave impulses; 


A(c) said sonic lenses possess shape and composition attributes to focus sonic 
y\ compression waves within the body of said workpiece; 


y^(d) further, said sonic lenses possess shape and composition attributes to focus 
^ and mode convert sonic compression wave impulses into sonic shear wave 
^ impulses within the body of said workpiece; and ~ 


fl (e) said sonic wavegides, delay lines, resonators, and impedance transformers; 
J[ which may be intrinsic to, or separate from the said workpiece, possess shape 
/I and composition attributes to direct and transmit sonic energy such that said 
f\ sonic lenses superpose compression and shear impulses within the body of 
A said workpiece. 

,2. The method of sonic welding of metallic materials with th e apparatus defined 
^ in claim 1 wherein; * d 1 fM , 

' (a) sonic shear wave impulses, focused at theffayingjsurfaces of a metallic 
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workpiece consisting of two or more contiguous ele ments, transform all or part 
A of said workpiece contiguous (faying surface) material from solid-to-viscoelastic 


state; and 


^ (b) said sonic compression wave impulses, superposed on said shear induced 


/ viscoelastic material, fuse said contiguous metallic workpiece elements. 

n 3. The method of metals forming with the apparatus defined in claim 1 wherein: 

'h (a) said sonic shear wave impulses, focused within the body of a metallic 

A workpiece, locally transform all or part of said metallic workpiece from 

f\ solid-to-viscoelastic state; and 
~R " 

' (b) said sonic compressi on wave impulses, superposed on said shear induced 
^ viscoelastic metal, dynamically forge said metallic workpiece into a desired 
^ shape. 

7 

4. The method of metallic materials substructure modification with the 


A apparatujjaefined in claim 1 wherein: 

A (a) said sonic shear wave impulses, focused within the body of a metallic 
A workpiece, locally transform all or part of said metallic workpiece from a^ 
4 solid-to-viscoelastic state; and 

t (b) said sonic compression wave impulses, superposed on said shear ind uced^ 
A viscoelastic metal, modify metal substructure morphology;^ 
^ (c) said substructure morphology modification in metals and their alloys be 
A applied to relieve residual stress; and^ 

A (d) said substructure morphology modification in metals and their alloys be 
ft Claims page 2 of 4 
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applied to selectively alter me chanical and physical properties. 

A 

5. The method of sonic welding of non-metallic materials with the appa ratus 

A defined in claim 1 wherein; 

It — *- 

(a) sonic shear wave impulses, focused at the faying surfaces of said workpiece^ 
*— * ■ — 

consisting of two or more contiguous elements, transform all or part of said 

A workpiece contiguous material from solid-to-viscoelastic state; and 

/ (b) said sonic compression wave impulses, superposed on said shear induced 

A viscoelastic material, cohesively bond said contiguous workpiece elements. 

"1 " 

6. The method of non-metallic materials forming with the apparatus defined in 
^ claim 1 wherein: 

^ (a) said sonic shear wave impulses, focused within the body of said workpiece, 
«- ■ 

A locally transform all or part of said workpiece material from solid-to-viscoelastic 


ft 


state; and 


/(b) said sonic compression wave impulses, superposed on said shear induced 
^viscoelastic material, displace said workpiece into a desired shape. 

7. The method of both metallic and non-metallic materials adhesive activation 


Awith the apparatus defined in claim 1 wherein: 


A(a) said sonic shear wave impulses, focused on an adhesive agent between two 
A or more metallic and non-metallic workpiece elements to locally introduce 
Aenergy of adhesive activation; and 
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(b) said sonic comprression wave impulses, superposed on said activated 
A adhesive agent, adhesively bond elements of said workpiece. 

i ■ 

8. The method of non-metallic materials substructure modification with the 
A apparatus defined in claim 1 wherein: 


j (a) said sonic shear wave impulses, focused within all or part of the body of said 
^ non-metallic workpiece, locally transform said non-metallic workpiece from a 
A solid-to-viscoelastic state; ~~ "* 


( b) said sonic compression wave impulses, superposed on sai&sftear induced 


/I viscoelastic material, modify non-metallic material substructure morphology; and 

— _ 


(c) said substru cture morphology modification be applied to selectively alter 

_ - ■ — 

n 

I 


^mechanical and physical properties of said non-metallic workpiece. 
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Absr/act of the Disclosure 
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[0034] This invention comprises an apparatus and method for sonic welding and 

materials forming by superposition of high-power-density sonic shear wave and sonic 

compression wave impulses directed by a sonic lens into a workpiece. The shear 

impulse is induced by refraction and mode conversion of a compression impulse. 

Materials subjected to shear impulses are transformed from solid-to-viscoelastic state. 

The compression impulse is superimposed on the shear impulse. Welding is effected 

by shear induced viscoelasticity, combined with quasistatic and dynamic compressive 

stress, at interfaces among workpiece elements. Further, superimposed shear and 

compression impulses are applied to fuse, shape, and transform materials. 

[0035] The apparatus functions with a range of energy sources. The shear impulse is 
A 


a '^ ^^ono^ rom the^mpression impulse. Waveguide^ 


nay be applied for i mpedance ^ — 

mo tchqgg ^ajTiong the energy sources, sonic lenses, and workpiece. I he present " flSr 
invention relates to solid state welding, materials forming, fusion, cohesion, adhesion, 
and substructure modification. 
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